INTRODUCTION
The condensation of petroleum tars and bitumens with vat residues formed by rectification regeneration of dimethylformamide (isoprene production waste) and containing oligoisoprene fraction ("KORD" resin) leads to the production of asphalt-resinous oligomers (product ASMOL) [1] . Both ASMOL itself and composites based on it have been widely used as effective anticorrosion and waterproofing materials and coatings [2] . In its main service indices -plasticity, anticorrosion and adhesion characteristics -ASMOL is superior to protective compositions based on petroleum bitumens and high molecular weight elastomers [3] .
Earlier it was shown that ASMOL is a complex mixture of condensation, sulphonation, and polymerisation products of compounds entering the composition of bitumen and resin, and has a higher molecular weight than them [4] . The layout for the production of ASMOL includes three stages: mixing of the initial components (I), the introduction of concentrated sulphuric acid (II), and stabilisation of the reaction mass (III). Therefore, in order to control the properties of the final product, stage-bystage monitoring of the change in properties over the entire process is necessary.
In the present work a study has been made of the change in molecular weight (MW) and in the MWdependent physicochemical characteristics (softening point and temperature of start of decomposition, adhesion to steel) of ASMOL during its production. For this, specimens of the reaction mass were sampled from an industrial reactor at the end of homogenisation of the resin and bitumen (sample 1) after the introduction of 1, 2, 3, and 4 portions of acid (samples 2-6) and after its stabilisation at 150°C (sample 7). In order not to allow boiling up of the reaction mass (on account of the high exothermicity of the reaction), sulphuric acid is introduced in several doses (normally 3-4 doses).
EXPERIMENTAL
The flow temperature was determined on a thermomechanical unit with a load on the specimen of 3.5 g/ mm 2 and a heating rate of 3 K/min. Dynamic thermogravimetric analysis (TGA) was carried out on a Q-1000 derivatograph of the MOM company. The rate of rise in temperature was 5 K/min, the specimen weighed 100 mg, and the atmosphere was air and argon. To assess the heat resistance of the specimens, the temperature of 5% weight loss was used.
The number-average molecular weights M n of the specimens were determined by measurement of the heat effects of condensation (MHEC) [7] . For calibration of the instrument, specimens of polyethylene glycol with different molecular weights were used as standards (the concentration of solutions of the standards and investigated specimens in benzene was 0.05 ± 0.01 g/ml). The temperature of analysis was 40 ± 0.01°C. For each specimen, five parallel measurements were made, and the average value of M n was taken.
To assess the adhesion properties of ASMOL and the initial components, use was made of button-shaped testpieces of steels St3 and St15. The products studied were applied to the surface of the button testpieces at 80°C and held at this temperature for 5 min in a press at a pressure of 15 kg/cm 2 . After cooling of the button testpieces to room temperature, the tensile strength was measured with a machine clamp speed of 5 mm/min.
RESULTS AND DISCUSSION
Analysis of the thermogravimetric curves of the resin, bitumen, and their mixture (sample 1) indicates that, when the initial components are mixed, along with the physical process of homogenisation, their chemical interaction occurs. This leads to the disappearance of the low-temperature peak in the region 200°C that is characteristic of the degradation of KORD resin (Figure 1 ). The appearance of this peak may very probably be due to precipitation of residues of solvent always present in the resin. Since the temperature at which mixing of the resin and bitumen is carried out (118°C) is quite sufficient for the occurrence of reactions of condensation of dimethylformamide with petroleum resins containing acid groups, the disappearance of this peak on the TGA curve of the mixture can be attributed, in particular, to the participation of dimethylformamide in such reactions. Furthermore, it must be noted that, along with dimethylformamide, -NH 2 groups may also contain oligomeric products of different composition, the formation of which as a result of local overheating and pyrolysis of the high-viscosity vat residue cannot be ruled out.
As can be seen from Change in temperature of start of breakdown of ASMOL during its production. TGA in air (a) and in inert medium (2) The presence in the analysed samples of uncombined acid may explain the trend of the graph of the dependence of adhesion of ASMOL σ to a steel substrate on the process time (Figure 4) . For both steels St3 and St15, this dependence is extremal. When sulphuric acid is added to a homogenised mixture of resin and bitumen, the adhesion of the sampled product initially increases insignificantly (sample 2) and then begins to decrease. One of the possible explanations of such an influence of sulphuric acid on σ may be as follows. Acid that does not manage to react in the reactor (samples 2-5 on the descending branch of the graph) interacts with the substrate metal with the formation of a weak film of iron sulphate which lowers the adhesion of ASMOL to the substrate. When the reaction mass is heated (at the stabilisation stage), the excess H 2 SO 4 reacts with the components of ASMOL, the adhesion strength of ASMOL increases in this case, and its heat resistance also increases. The adhesion of ASMOL to high-carbon steel St15 (carbon content 0.15%) is better than to low-carbon steel St3 (carbon content 0.03%). Such a difference may be due to the crystallographic structure of the steel: the greater the size of the crystalline grains of iron and the lower the carbon content (as occurs on switching from steel St15 to steel St3), the greater is the rate at which iron sulphate is formed.
As can be seen from data of thermomechanical analysis (Figure 5) , as sulphuric acid is added, the flow temperature of ASMOL increases continuously and then (at the stage of stabilisation of the final product) hardly changes. In a similar way there is a change in its numberaverage molecular weight. Since M n is very sensitive to low molecular weight impurities, a separate analysis was made of the molecular weight of the low molecular weight fraction, which consists mainly of petroleum resins, and of the high molecular weight fraction, which contains asphaltenes and oligomerisation products (the MW of non-fractionated specimens was also measured). For this, by the procedure of deasphalting petroleum bitumens, each sample was divided into two parts, the heptanesoluble part (low molecular weight) and the benzenesoluble part (high molecular weight), and the change in their ratio at all stages of ASMOL production was followed.
As can be seen from Table 1 , during ASMOL production there is an increase in the content of insoluble fraction (especially significant at the stage of product stabilisation), which indicates the formation of high molecular weight products. Here, there is an increase in the MW of the soluble fraction, whereas the molecular weight of the insoluble fraction hardly changes.
CONCLUSIONS
On the basis of the results of the work it can be concluded that chemical interaction of the initial components of ASMOL occurs at the stage of their mixing and homogenisation, which may be due to the participation of residual solvent (dimethylformamide) in condensation reactions. A particularly significant increase in MW (and in the content of insoluble fraction) is observed during stabilisation of the final product. The H 2 SO 4 content must be monitored, since unreacted sulphuric acid leads to a reduction in the heat resistance and adhesion characteristics of ASMOL.
